AD

REPORT No. J-290-2 (Final Report)
CONTRACT No. pasp17-67-c-0097

BIOLOGIC REACTIONS OF CELLULAR ANTIBODIES WITH

E )

SP2CIAL REFERENCE TO THEIR IMMUNO-PATHOLOGICAL

AND IMMWNO-CHRMICAL PROPERTIES

by

AD660320

Dx., Hideo Hayashi

Professor of Pathology and Head
of the First Department,
Kumamoto University Medical School

Kumamoto, Japan

August 1967

U. . ARMY RESEARCH AND DEVELOPMENT GROUP
FAR EAST
APO San Francisco 96343

‘,4 ek dotumnant Do hacn anprovesd l
i RPN RN oLt

R e

Foce ol
, -

v [N
DALl Lun LS L

SUAIPPIIA-ITER VORI SRR J

Reproduced by the
leAﬂlNGHOUSE

for Federal Scientific & Technicg!

Information Springlield Va. 22151 q l




TR AL

i yd
PR
CFETH WHITE 207"
308 BUFF SECTION [
SANSGUNCER 0

JLATIEIEATI e

Y O
JTRBITION MVASLABITY COORR
Dist. ;o AVAML s W SPERIML

|
8

DDC DISTRIRUTION AND AVAILABILITY NOTICE

Distribution of this document is unlimited. Qualified requesters may
cbtain copies of this report from Defense Documentation Center, Cameron
Station, Alexandria. Va. 22314.

DISPOSITION INSTRUCTIONS

Destroy this report when it i4 no longer reeded. Do not return it
to the originator.

The findings in this report are not to Le construed as an official
Department of the Army paositicn unless so designated by other authorized
documants.




REPCETY He., J-290-2 {Final saport)
CONTRACT No. DAJSBIT~8T7-C-0097

DA Pegiees/Task Azeasiork Unit No. 3A014301R71IQ &0 OTOFER

BICLOGIS REACTIONS OF CHLLULAR ANTIBODIES WITH
SPECIAL REFERENCE TO THEIR IMMINO.PATHOLOGICAL
AND IMMINO-CHEMICAL PROPERTIES

by

Dx., Hidso Hayash.

Profassory of Parhology and Head of the
First Department, Kumaaocis University

Medical School, Kumamoto, Japan

August 1567

U.S. ARMY RESEARCH AND DEVELOPMENT GROUP
RAE BAST

APD San Francisceo 96343




Aabetract
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fs praviously described, the cells, cultivati~) from
the omentum of BSA-sensitizel rabbits and grown in o
special cullure medium, werce sho .. t6 contain antibody
to the ant’~gen, as detected by the fluorescent antibody
technique, The cells were possibly originated in the
reticuliom cells and cermed "omentum cells'; and they
seemed useful for the stwdy of cell-beound antibody.

The cell-bound antibody was separated from the cell
extracts or culture fluid medium and partially purified
by fractionation with ammeoniuwe sulfate followed by gel
Tiltzaiion with Sephadex G-200 oxr by sucrase density
gradiont centrilugation; and the presence of antibodies
of 75 and 195 classes was confirmed.

The cell-bound 165 antibody was found to bhave a
charactieristic ability to sensitize the homologous skin
(sabbit skin) and to —ause intensively the passive
autancoys Arthus reaction and zeversed passive Arthus
rwaction in rabbit skin. Such biologic activity was

founil appaactly less marked or negligible when the

11




cell-bound 7S antibody or sevum 75 an. 195 antibodw
were assayed similarly in the rabbit skin, Fuzther
purification of cell-bound 19S5 antibody is being

advanced.
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The Study of Cell-Bound Antibody: Further

Demonstration of Antibody in Omentun Cells

in Culture




In previous studies, it was ascoezitc = Lot fhe
cells, cultivated from the omentum of Loviane scraa
albunin-sensitized rabbits and grown in our special
‘culture medium, contained antibodies to bovine serum
albunin, as detected by fluorescent antibody technique;
and they showed characteristic morphologic changes
affecting the cell membrane and ground cytoplasm when
the antigen was introduced into the culture (1 - 5).

The antigen-induced morpholeogic changes in the cells
were associated with some biochemical changes; for
instance, activation and release of a specific sulfhydryl-
dependent protease (termed Arthus protease) and its
inhibitor of peptide nature (6, 7). The activation of
Arthus protease in the ceclls seemed correlated with
production and release of histamine and specific vascular
permecability factor of peptide nature (termed Axthus
permeability factor) (8, 9). The cells were conventione
ally called "omentum cells". Arxrthus protease and its
inhibitor were recovered in the euglobulin fraction
precpared from the Arthu§ skin lesions, and Arthus perme-
ability factor in the pseudoglobulin fraction prepared;

and all thesc substances were highly purified; and theix



significant roic irn <the Axtihus skin lesions were con-
firmed (10 - 12).

The present paper desciibes further confirmation of
antibodics of 7S and 19S classes in the omentum cells

of such biologic significaace in ~ulture.

Matexrials and Methods

Proce urcs of Sensitization:

Male albino rabbits {1.8 - 2.0 kg) bred in our
laboratory were used. C.5 ml. of bovine serum albumin
(BSA, recrystallized +wic2, &0 mg. per ml. in saline;

" Armour), mixed with an equal volume of Fround's
complete aljuvant, was injected intramuscularly in
the skin of the back of the trunk of the animals,
Ten or twentiy injections (once per week) were given.

on the 7th day after the last injection, each animal'sg



serum antibody was determined by an indirect hemagglut-

ination test (13). Only animals with titers of over

15

30 x 2 were used.

Cultivation of Omentum Cells:

In carlier studies (14), mononuclear cells (histio-
cytes) of the peritoneal fluid of sensitized rabbits
were selected because of their high antibody content.
‘In the present work, "omentum cells" from the omentum
pieces were uscd because of their easiex cultivation
and better grovth.

Details of the methods for omentum cell cultivation
have been given in previous papers (2, 15, 25). The
explants, 1 mm., in diameter, were prepared from the
omentum of sensitized or nonsensitized animals. Fluid
‘medium was composed of horse serum, 5 per cent lact-
albumin hydrolysate (Nutritional Biochemicals Corpora-
tion) in Gey's buffered solution, and Gey's fluid in a
ratio of 1:1:8;, and adjustaed to pH 7.2.

After 3 -~ 4 days, almost every cell in cecach culture

was omentun cell, Observation of cultured cells was



made with a Tiyoda Phase contrast microscope. The
numbers of cells were counted by the method of Katsuda
(16) with 0.1 M citric acid containing crystal violet
in a conceatration of 0.02 per cent. The cell numbers
were genezally 30,000 (+ 3,000) pexr culture. Only
cultures showing such zimilar growth conditions were

used in the present work.

~

Prepaxzation of Tell Extracts:

Shortly after sufficient washing (three times) with
buffered saline, the cells (3 x 10% in general) were
suspendzd in 3 - 5 ml. buffered saline (0.15 M, pH 7.8).
. After homogenizing for 5 - 7 min. in the cold, the
cells were extracted with 3 ml. buffered saline for 16
hrs. After centrifuge at 30,000 r.p.m. for 10 min.,

the supernatant fluid was used as the cell extracts.

Preparation of Euglobulin Fraction from Cell Extracts:

From the cell extracts (5 - 8 ml), euglobulin



fraction was preparced wath sodium sul€ate at 18 pex

cent saturationm (17), and Jialysed zjainst phosphate
buffer (0.01 M, pH 8.0). Euglobulin fraction was also
prepared from culture fluid medium (80 mi) with ammonium

sulrate at 35 per c-nt saturation,

Experimental Regults

Detailzd morphclogy of omentum cells in culture has
been given in a previous paper (2, 15), There were
cbserved spindle~and yeticular type cells (Fig. i).

No other ceil types were found in each culturae. Since
the spindle-type cells were often observed to have
changed to the reticular-type cells under the phuse
contrast microscope, i. secemed recasonable that thege
cells were ossentially identical and came from the same

precursor cells of the omentum, perhaps reticuluwm cells,




1. Demonstration of Antibodies in Cell Extract and {ts

Bunlobulin Fraction:

The antibody titers of test samples were measured
by the indirect sheep red cell agglutination method of
Royden {13}.

As summarized in Table 1. the antibedy to BSA was

ced in the c©s11 extracts as well as culture

Exs

etace

o

first
£luid medium, indicating the extracellular release of
the antibody during the cultivation. The antibody

was similarly concentrated in the euglobulin fractions
prepared from the two sources. No antibody was detected
with all the sanmples preparced from omentum ceils of

nonsansitized normal rabbits.

Z, Diemenstration of Antibodies of 75 and 19S5 Classes

in Cell Extract and its Buglobuiin Fractionm:

Elution on Sephadex G-200:

After dialvsing against Tris HC1 buffer (0.1 M,

pH 8.0;, 2 ml, of suglobulin fraction described above




was 2luted through a column (2 x 100 cm.) of Saphadex
G-2CC (Pharmacia) (18). The rate of flow was 30 ml.

pexr houx and 4~g effluent fracgions were collected.

The concentration of euglobulin fraction from cell
extracts was 7.1 mg per ml. and that of the protein
fraction from culture fluid medium was 28.7 - 33.4 mg.
per ml. ' Concentration of protein fractions was made

by dialysis against 20 per cent polyvinyl pyrolidone.
The same type of experiments was carried out with cuglo-
bulin fractions of omentum cells of nonsensitized normal
rabbits.

As illustrated in Fig. 1, the presence of antibody
was revealed in the chromatographic patterns associated
with 7S and 195 fractions, though the hemagglutination
titers were in particular very low in the euglobulin
fraction from the cell extracts. Higher content of
antibody in the culture fluid medium indicated that the
extraczllular release of antibody occurred during the

cultivation of omentum cells.



3. Demonstration of Antibodies of 75 and 1S5S Classes

in Cell v xtract and its Euglobuiin Fraction:

Analysis by Sucxose Density Gradien*:

Euglobul’n fraction from culture fluid medium was
used because of its higher antibody content. The
protein fraction was dialysed against 5 per cent sodium
chloride for 16 hre, 0.5 ml. protein fraction {at cun-
centration of 22.0 mg. per ml.) received a sucrose
density gradient centrifugation (12). Concentrations
of proteins were recorxrded as the absorbancy, E, at
280 mp.

As illustrated in Fig. 2, the presence of antibedy
was demonstrated in the patterns associated with 78
and 195 fractions. The observations closely resemblea
those on euglobulin fractions after elution on Sephadex
G-200. Hemagglutination titers c¢f .35 fractlions were,

as a rule, much hig*~r than those of 195 fra~ctizas.




Discussion

As previously described {1, 2, 1%), ocur "omentum
cells” in culture were clearly different from plasma
cells; the cells seemed to originate from the reticulum
cells in the omentum tissue. Immuno-histochemical
examination of the tissue not subjected to the cultiva-
tion revealed the presence of specific fluorescence in
the "omentum cells' and plasma cells (3), but plasma
cells were found to disappeared, due to thoir degener-
ative change, very shortly after cultivation. The
detection of the antibody in the cell extracts indicated
that the antibody was undoubtedly associated with the
omentum ¢ells, but not with the plasma cells, because
the cells extracts were prepared from cultures in which
plasma cells were not observedl.

It was very intercsting to note that the omentum
cells contained antibodies of 75 and 19S5 classes.

These antibodies were in part relcased from cmentum
cells during the cultivation, as revecaled in the culture

fluid medium; an? it was suggested *hat the antibody




might be detected in the body fluid. Recently, Juhasz
and Rose (20) and Juhasz and Richter (21) cCemonstrated
the presence of 7S and 16S type antibodies in a fluid
medium of cultures of lymph nodes from rat albumin-
sensitized rabbits. The cellular origin of these anti-
bodies was difficult to determine, because of complicated
cell population of the lymph ncde in culture.

The cytophilic antibody of Bovden and Sorkin (22, 23),
behaving as a 7S globulin, failed to sensitize gunia pig
skin in passive cutaneous anaphyvlaxis (P.C.A.). The 7S
type antibody of omentum cells showed no P.C.A. in rabbit
skin, but the 19S5 type antibody was vexy active in in-
ducing the P.C.A. (24), indicating its specific biologic
function. The biologic properties of the cell 19S

antibody will be described in a separate paper.

Summary

The cells, which were cultivated from the omentum of

BSA-sensitized rabbits and grown in a special culture



gL

mocium, werce shown to contain antibodies of 7S and 195

classcs; the separation of each type of antibodies was

performed by gel filtration (with Sephadex G-200) ox

sucrosc uansity gradient cenirifugation of cc¢ll extracts

and culture fluid medium. The -ells seenmed to or-ginate

from the reticulum cells of the omentum and were termed

"omentum cells". They secmed very useful for the study

of celli-bound antibody.
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APPENDIX "AY

Antibody titers

Group of Cell Eugl.cell Cult. Eugl.cul. Serunm

rabbits exp. exp. med, med,
Sensitized ; =
A 2° 20 27 2 2 x 2P s
Sensitized .
. 2’ 28 28 220 30 x 2V
Sensitized “ RN
c 2° n.t. 21 2 1 30 x 247 .
;
Nonsensitized
D 0 n.t, 0 0 0

Table 1. Demounstration cf antibody in cell extract or

culture fluid medium and in their euglobulin
fractions. Assayed by indirect hemagglu<tination
test,

<t.: extract. ougl.: cuglobulin., Cult.med,:

Ceall extract: 4.2 mg/ml.; its cuglobulin: 8.5 mg/ml.
t

Culture medium: 20 mg/ml; i

s euglehulin: 31 mg/mi.




AFPENDIX '3B"

Fig. 1.

"Omcntum cells" in 4 day old culture. There
were observed spindle-and reticular-type cells;
no othexr cell types were found. They waerce gssene
tially identical and perhaps cance from tha same

precursor cells of the omentum, the rceticulunm
cells. Detailed morphology has been previously
given (2, 15, 25).

1= 16



APPENDIX "Cn
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Fig., 2. Antl ouies of Culture fluid Medium on Sephadex
G-200. Euglobulin, prepared from culture €luid
medium, was eluted thyough Sephadex G-I0C column.
198 antibodv fractioca in the first column,

5 antibody fraction in the secend column.




APPENDIX “D"

Celi exicact—=Siupemnatont ~sClobuiin frection —e

— 532

50,

49] f“ 128

e
&4 =

3 [
9 \ §
2 =
2 / 32 2
3
20, 2
/ 16 <

‘R\J
1.0

i

[

Bortam 1 Top
Tube nymber

37300 rom 16 h, ¢
s Similar result obtaned by gel filtration with Sephedes G-200

Fig. 3. Antibodies of Cell Extracts on Sucrose Density
Gradient Centrifugation. Euglobulin, prepared from
cell extracts, rcccived a sucrose density gradient
sentrifugation (375,000 r.p.m., 1t hrs, ZOC).7S
98 antibody fraction in the first column. #98
antibody fraction in the second columun,
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The Study of Cell-Bound Antibedy: The Biolcgic

Propexties of Antibodies in Omentum Cells in Culture




In previous studies (1 - 4), we demonstrated the
presence of antibodies of 75 and 19S5 classes in the cells
(termed Yamantum cells”) whic.: were cultivated from the
omentun of BSA-sensitized rabbits and grown in a special
culture medium; and these antibodies were extracted from
the cultured cells and partially purified,

The biochemical changes by the antigen in the cultured
cells waere characterized by the rapid activation of a
specific SH-dependent protease {termed "Axthus protease')
which was associated with the release of histamine and
Arthus pexmeability factor of peptide nature (5 -~ 9).

The qucstion of which antibody in the cells was responsi-
bie for the biochemical changes described above has not
vet been clavxified,

The preasant report deals with the parvticularly signi-
ficant sction of 19S type antibody extracted from the
ceentum cells, as shown in form of gkin fixability in a

homologous animal.

I1 - 2




Materia’s and ..othods

Scparation of Antibodies:

Details of procedurcs for sensitization of rabbits
with BSA, cultivatics of omentum cells and extraction
of antibodies all have been glven in previous papers
(2, 4, 10).

From the fluid mcdium of 3-4 day old cultures, cuglo-
bulin fraction was preparca with asmonium sulfate at
35 per cent saturation, and suspended in Tris-HCl buffer
(0.1 M, pH 3.0) at a concentration of 40 mg. per ml.
Feur r~ -7 the protein fraction was passed through a
column {4 x 100 cm) of Scphadex G-200 (Pharmacia) (11).
The flow rate was 30 ml. per hour and é.g effluent
fractions wexe collected; and effluent fractions were
analysed, particula.ly by ultraviolet light absorption
at 280 Bp; and there were obtained twe chromatographic

IS8
components. The first component contained ¥ class

75
antibody and the sccond component contained ¥6 class

antibody whan assayed by an indirect gheep red cell

I1r - 3




agglutination test (12). ‘

Separation of 19S class antibody fraction from
rabbit's antisera was performed following the method
of Vaerman et al (13) utilizing sucrose density gradient
centrifugation or Sephadex G-200 filtration. Separation
of 7S class antibody fraction from rabbit's antisera was
made by the method of Kapusta and Halberstam (14); and
the proiein fraction after chromatography with DEAE-
cellulose was used. Purity of these antibody fractions

was examined immuno-electrophoretically (15).

Induction of Passive Cutanecous Anaphylaxis (P.C.A.):

This was essentially performed following the method
of Ovary (16). Before the test on rabbit skin, all the
antibody fractions were dialysed against physiological
saline. 0.1 ml, of cach antibody fraction was intra-
dermally injected on the clipped flanks of rabbits
(2 - 2.2 kg.). At 5 and 30 minute, 3, 6, 12, 48 and 72
hour intervals after injections of antibody fractions,
BSA (12.5 mg. per animal) was intravenously adminis-
trated simultaneously with pontamine bluc (60 mg. per

II - 4



kg), and 30 min. later the animals were sacrificed.
Hemagglutination titers of cach antibody fraction
injected were 26 in general. The intensity of passive
cutaneous Arthus reaction was quantitatively expressed
in terms of exuded dye extractable from the skin sites
in rabbits (17).

In control experiments, 7S or 19S5 globulin fraction,
similaxly prepared from nonsensitized normal omentum

cells, was used instead of antibody fractions.

Induction of Reversed Passive Arthus Reaction:

Af various intervals after intravenous injection of
BSA (12.5 mg. per ml.), 0.1 ml. of antibody fraction
(26 in the indirect hemagglutinin titers) was intra-
dermally injected in the clipped flanks and pontamine
blue [60 mg. per kg) was injected intravenously; and
30 min. later exuded dye was extracted from the injected
skin sites (18). The intensity of icversed passive
Arthus reaction was shown by the amount (pg) oX the

extracted dye.

In control experimenis, 7S or 1$S globulin iractions,



similarly prepared from nonscnsitized nor-al omentum

cells, was utilized instead of antibody frantions.

Experimontal Results

I. Passive Cutaneocus Anaphylaxis by Different Anti-

bodies from BSA-Sensitized Rabbits:

i

The intensity of passive cutaneous Axthus xeaction
in 2 homologcus animal {rxauvdit) was shown vy the amount

of dye extracted fyom the skin sites.

As wummarized in Table 1, 168 antibody fraction, ~}£

propered from cultured omentum colls, wis very active

in inducing pasesive cutancous Arthus rcaction in the

rabbit siin, but the effects of other antibody fractions

fyxom cultured cells or from antisera all were only msild,
Negati-» rasults were obitained with 195 globulis ;ﬁ;;

fraction, iszolinted from nomsensitized noxrmal cment .a

calls ard preysred at the cama concentration. It was




<

thus reasonably indicated that the 19S class antibody
of sensitized omentum cells had a strong ability to
cause passive cutancous Arthus reaction in a homologous
animal, i.e., rabbit.

Furthermore, it was confirmed that the effects of
sensitization of rabbit skin with the cellular 19S5
antibody for induction of passive cutaneous Arthus reac-
tion became apparent at one hour after intradermal injec-
tion of the antibody, rcached its peak at threce hours
aftexr the injection and declined thereafter. Such
relatively rapid sensitization of the rabbit skin with
the cellular 195 antibody seemed to characterize the

antibody.

IT1. Reversed Passive Arthus Rcaction by Different
Antibodies from BSA-Sensitized Rabbits:

The reverscd passive Arthus rcaction in the rabbit
skin, induced by dirferent antibodics of BSA-sensitized
rabbits, was compared in the intensity of vascular
permeability changes in the rcecaction sites. The intcensity

of the permeability changes was shown by the amount of



the exztrocted dye.

As illustrated in Fig. 1, the permeability change
due to the cellular 19S antibody clearlv appeared most
active; and the change was diphasic — immcediate and
delayed. The immediate respcnse was clearly transient
and declined within 10 min., but the delayed response
was far more intense and prolongad; the reshonse reached
its peak in about 2 hrs., declined gradually therafter,
and disappeared in about 3-4 hrs.

On the other hand, the permeability change by the
celluiar 75 antibody was less marked; the immediate
response was almost negative. Similar but less marked
pasneability change was alco recognized at the skin
sites injected with the serum 7S antibody; the immediate
response was clearly negative. The serum 19S5 antibody
failed to cause any vascular permeability change in the
rabbit skin. Furthermore, negative results were obtained
with 7S and 19S5 globulins from nonsensitized normal
omentum cells oxr from the sera of nonscnsitized normal

rabbits.

<

-
]
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Discussion

The cells ("omentum cells"),dcultivated from the
omentim of BSA-sensitizced rabbits and grown in a
special culture medium, were shown to contain anti-BSA
antibodies of 7S and 19S5 classes (1 - 4). The obsexva-
tions just presented indicatoed the characteristic
properties of the cell-bound 19S antibody.

When assayed for inducing passive cutaneous Arthus
reaction in the skin of homologous animal (rabbit skin),
the effects of the cell-bound 19S antidbody wexe appar-
ently striking; and the sensitization of the rabbit skin
with the antibody scemed to reach its peak at about 3
hre. after the intradermal injcction {Table 1). 1In
contrast to the dclayed sensitization of rabbit skin
with serum antibody (IgA) of Zweifler and Beckerx (19)
and Onoue et. al. (20), such rapid sensitization with
our cell-bound antibody seemed very inportanf.

Furthermore, when assayed for inducing the vascular
pexrmeability changes in the reversed passive Arthus
reaction in the rabbit skin, the effects of the

II - 9



cell-bound 19S antibody were alsd very active; and the
permeability changes appeared diphasic; the immediate
and delayed response. The time course of the permea-~
bility changes closely resembled those seen in an active
Arthus reaction (18), indicating the biologic signifi-
cance of the cell-bound 19S antibody.

It was very interesting to note that the immediate
vascular response was nct induced by the ccll-bound 7S
antibody or the serum 7S and 19S antibody; such negative
observations with these antibodies appeared to be rea-
sonable because the immediate vascular response essen-
tially secemed identical with that in the passive
cutaneous Arthus reaction. These antibodies also failed
to cause the passive cutaneous Arthus reaction in the
rabbit skin (Table 1).

As described above, the cell-bound 19S antibody was
shown to have a previously undescribed property on
characteristic sensitization of the homologous skin.
Further study of purification of the cell~-bound antibody

is being performed in this laboratory.

II - 10



Summary

The ceils. ,7owr in culture from the acmentum of BSA-
sensitized rabbits, contalned antibedies of 75 and 165
classes. The gell. (termed omentum cells") were
poseibly originated in the rotisulum cells of ithe ocamentum.
The cell=bound 19§ ciass antibody Liad a characteristic
ability to sengitize the homologous (rabbit) skin and

its bic.ogic significance was briefly discusseq,

Ir - 11
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APPENDIX "A"

Latent Period
Samples minutes hours
used ; ; i
30 60 2 3 12 48
Extracted dve (ug)
Cell 195* 2.1 6.8 15.0 19,7 2.5 1.5
Cell 78* 3.2 4.0 3.9 1.4 2.0
Serum 195*% 1.9 1.9 1.0 1.9
Scrum 7S¥ 3.5 3.6 2.3 1.8
Cell 195 gl #% 2,2 2.5
Cell 75 gl.#¥ 1.7 1.6

Table 1. Pasgive cutanecous Arihwus rgact’ » by different
; antibodies. The intensity is shown by the amount
; {39} of extracted dye. Latent Periods mean the
' time intervals after intradermal antibody,
Cell 75, 19S: extracted from sensitized cells.
Cell 75, 198 gl.: cxtrxact Jd from nonsensitized

normal cells, 3crum 7S5, 19S: isclated fxom anti-

sera of sensitizend cabbhiis, The values represent

the average of scverali determina ions,

¥ tested at the same hemaggiutin n titers of esch
antibody fraction 26).

#% tcosted at the same concentration as that of the
ccell 78 and 195 antibody i1rxections (0.3 mg/ml.),
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Vascular Permeability Changes in Reversed Passive
Arthus Reaction by Cellular and Serum Antibodies,
BEach sample was piepared to give the same indirect

hemagglutination titers before test.

The intensity

of the permeability change is shown by the amount

(rg) of extracted dye.
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